Abstract
Introduction
Intestinal soil-transmitted helminth (STH) infections, including Ascaris lumbricoides, Trichuris the study if they were rural, the majority of the population lacked access to piped water that planned to continue to live at their current residence for the next year. Since interventions 139 were designed to reduce child exposure to pathogens through a cleaner environment and 140 exclusive breastfeeding, we enrolled pregnant women to allow time for intervention delivery to 141 occur prior to or as close to birth as possible. Clusters were formed from 1-3 neighboring villages 142 and had a minimum of six pregnant women per cluster after the enrollment survey. Children 143 born to enrolled pregnant mothers were considered "index" children. Outcomes were assessed 144 after two years of intervention exposure among index children, including twins, as well as 145 among one older child in the index child's compound to understand the effect of the 146 interventions on both preschool aged and school aged children. The older child was selected by 147 enrolling the youngest available child within the age range of 3-15 years old, with priority for a 148 sibling in the index child's household. among these proxy children because it was not logistically feasible to deworm infected children 160 at baseline. We also collected 100ml samples from primary drinking water sources accessed by 161 study households and household stored drinking water (if available). We transported the 162 samples on ice to field labs and enumerated Escherichia coli in each sample by membrane 163 filtration followed by culture on MI media.
165

Randomization and blinding
166
A few weeks after enrollment, clusters were randomly assigned to intervention arms at the 167 University of California, Berkeley by an investigator independent of the field research team
168
(BFA) using a random number generator. Groups of nine, geographically adjacent clusters were 169 block-randomized into the six intervention arms, the double-sized active control arm, and the 
178
Intervention delivery
179
Intervention delivery began <3 months after enrollment. In the water intervention arms (W,
180
WSH, WSHN), community health promoters encouraged drinking water treatment with chlorine
181
(liquid sodium hypochlorite) using either manual dispensers installed at the point-of-collection households every 6 months. In the sanitation arms (S, WSH, WSHN), households received new each child <3 years as well as a "sani-scoop" to remove animal and human feces from the 187 compound. In the handwashing arms (H, WSH, WSHN), households were provided with two 188 handwashing stations-near the latrine and the cooking area. Stations included dual foot-pedal 189 operated jerry cans that could be tipped to dispense either soapy water or rinse water.
190
Households were responsible for keeping the stations stocked with rinse water, and community 191 health promoters refilled soap regularly. In the nutrition arms (N, WSHN), small quantity lipid-based nutrient supplements (LNS) were provided to children from 6-24 months of age. Children 
316
owned a latrine, but only 15% had access to a latrine with a slab or ventilation pipe (Table S1 ).
317
Soap and water availability for handwashing at a designated handwashing location was low 318 (<10%).
320
Indicators of intervention uptake
321
After one year of intervention, 89-90% of households that received the sanitation intervention 322 had access to an improved latrine (compared to 18% in active-control arm) and 79-82% of these 323 had access to an improved latrine after two years of intervention. 1 shows number of children not available due to no live birth, death, refusal, or absent; Table S7 345 shows characteristics of children lost to follow up). In the control group 22.6% of children were 
347
(measured by Kato-Katz microscopy), and 39% with Giardia (measured by enzyme-linked 348 immunosorbent assay) (Table S4 ). Ascaris infection prevalence was similar for index children
349
(22.8%) and older children (22.3%) in the control group (Table S6) . Caregivers reported that 39%
350
of index children and 10% of older children had consumed soil in the past 7 days. 
Effect of interventions on parasite infection prevalence
367
We re-analyzed all stool samples collected from children enrolled in the control, combined WSH,
368
and WSHN arms by quantitative polymerase chain reaction (qPCR) to validate our estimates 369 based on microscopy measurements. These three arms were selected for the qPCR subset arm) and at similarly low levels in interventions arms (Table S4) .
396
Adjusted models and subgroup analyses
397
Adjusted effect estimates were similar to unadjusted effects ( 
458
STH control strategy, and that chlorine should be further explored as a method for inhibiting
459
Ascaris egg development in drinking water supplies.
461
The combined WSHN intervention was similarly effective to WSH in reducing Ascaris prevalence,
462
and improved nutrition did not reduce STH or Giardia infection on its own. Together, these 
467
Considering interventions in this trial did not include treatment with antiparasitic drugs, further 468 research would be valuable to understand if LNS supplementation could prevent parasite 469 infections after drug treatment.
Giardia prevalence was unaffected by any of the interventions in this trial. Our results stand in WSH, and combined WSHN arms(37). One potential explanation for lack of intervention effects 475 in this trial is that water could be the primary transmission pathway for Giardia in this study 476 setting, and Giardia is highly resistant to chlorination. The majority of households in the WASH
477
Benefits Bangladesh trial accessed protected tubewells providing water with lower levels of 478 fecal contamination compared to the springs and shallow wells accessed by households in this 479 trial (27, 38) . Another potential explanation is that handwashing rates with soap were not high 480 enough at the time of measurement to interrupt Giardia transmission; presence of soap and
481
water at a handwashing station decreased from 78% at year one to 19% at year two among 482 households in the WSH arm (Tables S2 & S3) . Giardia is also zoonotic(4); exposure to avian and 
487
This trial had some limitations. Chlorination does not inactivate protozoa, but was selected as 488 the most appropriate water treatment intervention for the study context considering previous 489 local acceptability, affordability, and effectiveness against bacterial and viral enteric pathogens.
490
We measured parasite infections two years after intervention delivery; measurement among 491 the study population at one year could have produced different results because of higher 492 intervention adherence at that time (Table S2 ) and different child age-related exposures (e.g.
493
younger children may be more likely to consume soil). We were unable to blind study 494 participants due to the nature of the interventions; however, our outcomes were objective indicators of infection analyzed by blinded laboratory technicians, and blinded analysts replicated the data analysis.
deworming medication in the past 6 months ( 
